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In the studies of the developmental cycle of ascidians, the present investiga-
tion aims to analyzing metamorphosis. In the normal metamorphosis of the 
ascidian larva, the metamorphoses of the body and that of the tail take place 
simultaneously or in parallel with each other, though the absorption of the tail is 
distinctly visible in the early stage. In the simple and also in the compound 
ascidians, sometimes, the metamorphosing larva which contains an elongated or 
unabsorbed tail is visible. According to Oka (1958), in Perphora japonica, 
progressive process of metamorphosis can occur without. proceeding regressive 
procress, but it proceeds extremely slowly if the larval organs are left unabsorbed. To 
investigate the relations between the metamorphosis of the tail and of the body in 
the processes of the metamorphosis, the writer tried to separate experimentally 
those phenomena from each other. In 1961, the writer found a method for deter-
mination of teriiperature effect for the subject in some ascidian larvae. 
MATERIAL AND METHOD 
The ascidinas used in the present experiments were Halocynthia roretzi, Ciona 
intestinalis, and Polyaitor sp. The breeding seasons of H. roretzi is in October 
(Hirai and Tsubata, 1958), G. intestinalis favorable in spring in the vicinity of the 
station, and P. sp. is from spring to autumn. The materials of 11. roretzi and of 
C. intestinalis were obtained from the naturally spawned eggs, and those of P. sp. 
from the liberated larvae from the colonies in the laboratory in each season. The 
m~thod to separate each metamorphosis of the tail and of the body depended upon 
the lower temperature effects as are described in the following section. 
OBSERVATION 
l. Temperature effect on the larvae of Halocynthia roretzi: When the fertilized 
eggs of this species are kept at about 10°0, the larvae hatched out about 24 hours 
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after the fertilization. The potency to metamorphose of the swimming larvae of 
this species appears about 12 hours after hatching (Hirai, 1941 and '62). In the 
present experiment, the larvae soon after hatching were kept at about 3- 5°0 in a 
ice-box. About one third of those larvae kept their swimming for 23 days without 
absorption of their tails, then they were destroyed later. Those larvae had bodies 
showing the process of metamorphosis. The bodies of those larvae proceeded their 
metamorphosis for about 12 days, viz. their elongated bodies enlarged dorso-vent-
rally, the rudiments of the branchial sacs swelled with the differentiated endostyles, 
and with two pairs of gill-slits. The branchial and atrial apertures appeared, and 
had typically five ampullae around the anterior part of the body. The adhesive 
papillae disappeared but the anterior elongate part of the body retained its form. 
The tail did not lose their structures or the swimming motion of the larvae. 
Therefore those larvae had stout body with elongated tail, which was distinctly 
different from the normal swimming larvae (Fig. 2). The differentiation or 
metamorphosis of the organs of those larvae proceeded for about 12 days, but never 
continued afterwards for 23 days. On the other hand, t he larvae which 
metamorphosed in the ice-box, differentiated distinctly and grew to the yotmg 
adults. 
2. T empemtu1·e effect on the lm-vae of Ciona intestinalis. 
The larvae of C. intestinalis hatched out 12 hours after fertilization at 23°0. 
The larvae soon after hach.ing were kept at 5- 7°0 in a ice-box. Some of those 
larvae kept swimming for 21 days without absorption of their tails. The bodies of 
those larvae were swelled somewhat and the anterior parts of them elongated as 
visible at the beginning of the normal metamorphosis. In the larvae of this 
specie~>, the distinct proceedings of differentiations of the organs of the bodies in the 
lower temperature were not observed. 
3. Tempemtttre effect on the la1·vae of Polycitor sp. The larvae liberated from 
the colonies of this species were obtained at 23°0. The swimming larvae were 
metamorphosed about two to 12 hours after hatching. The larvae soon after 
hatching were kept at 7-10°0 in a ice-box. Mter a day, about half of those larvae 
which kept swimming were observed. Those larvae had distinctly metamorphosed 
bodies with tails which were unabsorbed and kept swimming motions (Fig. 3). 
The body was enlarged dorso-ventrally, and the branchial sac enlarged dorso-
ventrally in which rows of gill-slits appeared. The heart beating was observed at 
the ventral part. On the other hand, the larvae which completed the metamor-
phosis in the ice-box proceeded the differentiations of organs, and grew to become 
more transparent than those which kept swimming. 
4. The vital staining effect on the larvae which ctre disturbed the metamorphosis 
by the lowe1· tempemtu1·e effect. The vital staining by the solution of nile blue 
(1% nile blue l drop in l OCO sea-water) is a favorable method to initiate the 
metamorphosis of the ascidian larvae (Hirai, 1961 and '62). The larvae of H. 






· · la.t'\'ae of Halocynthia 1'01'el zi \\'hich passed Fig. l. Normal smmmmg 
12 hours after hatching. -oc 'tl 
Fl." 9 ,\ larva of H. 1'01'elzi ,,-hich passed 23 days at. tJ "'1 1 a o· .... ... c. 
unabsorbed tail. 
Fig. 3. A larva of Polycito1' sp. with a bocl,v "·hich procecd(>cl metamor-
phosis and with a unabsorbed tail. 
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roretzti and others which were disturbed of the absorption of the tails in the ice-
box, were treated with the solution of nile blue for about five to seven minutes, then 
removed into normal sea-water. The tails of those larvae commenced absorptions, 
and the bodies which were temporarily disturbed in their differentiations began to 
proceed again in their further differentiations by the effect of staining. 
CONSIDERA'riON 
The tail absorption and the differentiation of the body take place simultaneously 
or in parallel with each other in the normal metamorphosis of the ascidian larva. 
In the normal metamorphosis, sometimes the metamorphosing larvae with elongat-
ed or unabsorbed tails are visible. In the present study, a method of the lower 
temperature effect to disturbe the absorption of the tail was found. This method 
was tried on the larvae of three species_, Halocynthia roretzi, Ciona intestinalis and 
Polycitor sp, and the larvae which had metamorphosing bodies and unabsorbed tails 
keeping swimming motions were obtained. On this fact, it was supposed that the 
metamorphoses of the tail and of the body of the larva are separable, and that the 
body of the larva may metamorphose to some extent independent of the absorption 
of the tail, though the degrees of processes of metamorphoses of the bodies are 
different according to species. In the present studies on three species, the dif-
ferentiations of the bodies with unabsorbed tails did not proceed so far as in the 
normal metamorphosis. On this fact, it was supposed that the metamorphosis of 
the body has some dependances on the absorption of the tail. 
The metamorphoses of the tail and of the body can be separated by the effect 
of lower temperature as was mentioned above. On the other hand, the larva which 
was compeled to separate the metamorphoses of the tail and of the body from each 
other, and was disturbed in their further differentiations, was liberated from the 
further separation and the disturbance by the effect of the vital staining method. 
In other words, the separated and the disturbed metamorphoses of the larvae 
were awakened again to proceed their further metamorphoses by the effect of the 
vital staining. 
SUMMARY 
l. The metamorphosis or absorption of the tail and the metamorphosis of 
the body of l!alocynthia rorctzi, Ciona intestinalis and Polycitor sp. are separable 
from each other by the effect of the lower temperature. 
2. By the treatment of the lower temperature, the body proceeded its 
metamorphosis with the distrubed and unabsorbed tail. But the proceeding of 
the differentiation of the body is disturbed before long, though the differences of 
degrees of differentiations according to species are visible. 
3. When the larvae with the metamorphosing bodies and with the m1absorbed 
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tails are treated by the solution of nile blue, the disturbed processes of both 
metamorphoses of the tail and body are awakened again to proceed further 
differentiations of metamorphosis. 
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